Atrial tachycardia with block was induced by rapid atrial pacing in a patient with refractory supraventricular tachycardia in an effort to control the ventricular rate. It was initially decided to induce atrial fibrillation as necessary with the use of a permanent radiofrequency-controlled atrial pacemaker. Several days after implantation of the pacemaker, however, rapid atrial pacing produced atrial tachycardia with atrioventricular block rather than atrial fibrillation. Despite this apparent failure, the ventricular rate has been adequately controlled by rapid atrial pacing for the past 9 months. Intermittent induction of atrial tachycardia with block with a permanent radiofrequency atrial pacemaker may represent a useful approach to the treatment of patients with refractory supraventricular tachycardia.
After 2 weeks of persistent fever and cough which were unresponsive to penicillin, he was hospitalized and a diagnosis of myocarditis was entertained because of the additional finding of a supraventricular tachycardia at a rate of approximately 150 beats/min and with inverted P waves in leads II and III. The arrhythmia was present almost continually and, although it could be terminated by a Valsalva maneuver, sinus rhythm would persist for only a few minutes before the abrupt return of the tachycardia.
One year after the onset of symptoms, the patient was transferred to another hospital where the arrhythmia was first successfully converted to Circulation, Volume XLIV, December 1971 INDUCED ATRIAL TACHYCARDIA a sinus mechanism in response to medication. This medication was propranolol administered intravenously. Despite the success achieved with intravenous administration of propranolol, oral treatment with propranolol in doses as high as 280 mg every 3 hours, alone or in combination with digoxin in doses up to 0.5 mg every 8 hours or quinidine in doses up to 1.0 g every 6 hours, failed to control or prevent the tachycardia.
During the 2-year interval between 1968 and his admission to Duke University Medical Center the arrhythmia persisted in spite of numerous efforts by several physicians. In the 6 months which preceded hospitalization at Duke, he had a number of presyncopal spells precipitated by exertion, during which his pulse rate was observed to be in excess of 200 beats/min.
Physical examination at the time of admission to our hospital revealed a well-developed, wellnourished muscular white male in no apparent distress. The pulse rate was regular at 136 beats/min and the blood pressure was 122/78 mm Hg. With vigorous exercise his pulse rate would increase to 200 beats/min. Examination of the heart revealed that the point of maximum impulse was 9 cm to the left of the midsternal line in the fifth intercostal space, and its quality was unremarkable. There were no murmurs or rubs, but there was a prominent fourth heart sound. The remainder of the physical examination was unremarkable. Routine laboratory studies revealed normal hemoglobin and white blood cell count. The urinalysis and blood chemistries, including tests of thyroid function, were unremarkable. The chest X-rays were normal.
The tracings presented in figure 1 illustrate the 12-lead electrocardiogram during an episode of tachycardia. At rest, the heart rate was approximately 120 beats/min, and P waves were inverted in leads II, III, aVF, and V4~6. The P-R interval measured 0.16 sec and the QRS complex was of normal duration. During sinus rhythm as illustrated in figure 2 , the heart rate was approximately 60 beats/min, and the P waves were upright in leads II and aVF and in all of the V leads. The QRS complex was of normal duration and the P-R interval measured 0.14 sec.
On the third hospital day, the patient was taken to the cardiac catheterization laboratory for electrophysiologic studies. The tracings shown in figure 3 were obtained during the spontaneous onset of the tachycardia. The upper tracing is a Circulation, Volume XLIV, December 1971 INDUCED ATRIAL TACHYCARDIA bipolar electrogram recorded from within the right atrium near the junction between the superior vena cava and the atrial appendage. The second tracing is a record from a catheter located within the right atrium and adjacent to the coronary sinus. The third tracing is from a bipolar electrode catheter which was positioned adjacent to the region of the bundle of His. In the three beats preceding the onset of the tachycardia, the initial activity was recorded from high in the right atrium just before the onset of the P wave. The atrial electrograms recorded from low in the right atrium and from the catheter over the bundle of His showed essentially simultaneous activity. The tachycardia was initiated by an atrial premature depolarization in which the P wave was inverted in the surface electrocardiogram. The interval between atrial activity and the His bundle complex was prolonged on the first and subsequent beats of the tachycardia. During episodes of tachycardia the P-R interval on the surface ECG and the P-H interval on the His bundle electrogram were always longer than in sinus rhytlim. Single spontaneous atrial premature depolarizations were never detected in this patient, and the ability to induce episodes of tachycardia with a single premature atrial stimulus was not examined. However, brief periods of atrial pacing with an interval between stimuli of 440 msec consistently induced episodes of tachycardia. In each instance the stimulus which initiated the arrhythmia elicited a premature atrial depolarization which fell within the functional refractory period of the atrioventricular node (i.e., a prolonged P-H interval). During episodes of tachycardia, the earliest atrial activity was recorded from electrodes near the coronary sinus and atrioventricular node and activity high in the right atrium was recorded substantially later.
The tracings presented in figure 4 were obtained during the termination of the arrhythmia which occurred after the release of a Valsalva This patient was referred to us for possible definitive surgical correction of his disturbance of cardiac rhythm. One possibility which we entertained was division of the bundle of His anid implantation of a permanent ventricular pacemaker. This approach was discarded because of the potential complications of inducing complete heart block and the potential morbidity associated with the lifelong requirement for a cardiac pacemaker. A seconid possibility we entertained wvas to implant a fixed rate atrial or ventricular pacemaker, in the hope that single beats initiated by the pacemaker would terminate episodes of tachvcardia. This approach was discarded because the patient could terminate the tachycardia at will with the Valsalva maneuver, but it would -eturn immediately, and what seemed to be needed was some mechanism to hold him at a niormal rate at rest and to prevent the excessive increase of rate which occurred with exercise or other physical activity.
In view of an observation that atrial fibrillation could be induced electrically with a substantial reduction in ventricular rate, it was our initial plan to implant an atrial pacemaker which could be used to induce atrial fibrillation. The feasibility of this was established preoperatively by placing a pacing catheter in the right atrium for several INDUCED ATRIAL TACHYCARDIA days, maintaining the patient in atrial fibrillation and demonstrating that the ventricular rate could be controlled with digitalis. Accordingly, the patient was taken to the operating room and the chest was opened through a right thoracotomy. There were no obvious lesions of the right atrium and there was no evidence of old pericarditis. Wires were implanted on the right atrial appendage and connected to a radiofrequency impulse generator* which was implanted in the abdominal wall. The chest was closed, and the patient was returned to the recovery room. During the first three postoperative days, it was easy to induce atrial fibrillation with atrial pacing at a stimulation frequency between 600 and 800 beats/min ( fig. 5) . However, on approximately the third postoperative day, during the course of digitalization, we first noted that it was no longer possible to induce atrial fibrillation, although the atrium could easily be captured by the pacemaker at rates up to 250 beats/min.
During the second postoperative week, the patient became ambulatory and the functions of the pacemaker were evaluated. In the absence of any medication other than a maintenance dose of digoxin, 0.25 mg/day, the atrium could be stimulated at a rate of approximately 200 beats/min with 2:1 A-V block at rest. During exercise, however, the degree of block decreased, and an excessively rapid ventricular response *Specially designed and provided by Medtronics Corporation. resulted. Accordingly, he was given an additional 0.75 mg of digoxin and 80 mg of propranolol every 8 hours. With these medications, there was an increase in the degree of atrioventricular block such that, when the atrium was paced at a frequency of 220 beats/min, there was seconddegree A-V block which varied from 3:1 to 5:1 at rest (fig. 6, upper panel) . During exercise there was 2:1 block with a ventricular rate of 110 beats/min ( fig. 6, lower panel) . This appeared to be a satisfactory mechanism since, at rest, the ventricular rate was approximately 60 beats/min and, during exercise, it increased to 110 beats/min but no faster. The patient was discharged with the pacemaker implanted and with instructions to turn it on in the event that the tachycardia occurred, or in situations in which he could anticipate that exertion would bring on the tachycardia. Medications which were to be continued after discharge included digoxin, 0.50 mg/day, and propranolol, 80 mg every 8 hours. Fortunately, it was no longer necessary to produce atrial fibrillation to control our patient's tachycardia since the production of atrial tachycardia with block was adequate for this purpose. In summary, intermittent induction of atrial fibrillation or atrial tachycardia with block, with a permanent radiofrequency atrial pacemaker, appears to have adequately controlled an otherwise refractory supraventricular tachycardia in this young man, and may be considered as one of several alternaClrc,ulation Volu me XLIV, December 1971 tives for the treatment of refractory supraventricular tachyeardias in other patients.
